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Abstract: 


We consider the problem of minimizing the value of t, in the time interval [to, t,],t; — tp) =T in 
the field D .Let ty be given. Let's consider the problem of minimizing the value of T with the 
restriction of the control norm u(t) in the field D and the value of T. In this case, the quantitiy 2, 
defined by equations (1) or (2) in the previous section can be called a function of T, that is A, = 
A,(T). Then the minimum value of T = T* is the smallest real non-negative value of T and at this 
value. 


Keywords: minimizing, interval, non-negative. 


Ag?) = (1) 

the inequality is fulfilled, to determine T, the following equality can be obtained instead of equality 
(1): 

A(T) = 1 (2) 


The sought T* (2) is the smallest real and non-negative root of the equation. It is based on the fact 
thet the function A,(T) is a non-increasing function of the argument T. This is turn, follows from 


the fact that the function —— is a decreasing function of the argument ¢t,. Let it be Tz > T;. In 


An(t1) 
that case, according to formulas (1) and (2) in the previous section, condition. 
wei Si = Lia HS; = 1, f = 1,2... (3) 
is fulfilled, we have 
: ce. F ee 

1 : t? 1 p! t2 p! pl 
Say = MIM san (Se Deal Dhar Fg" (OW de)” = (J LharlZhar Sigh (Oat) 
equalities. 
Let's assume on the contrary a < es In that case 


1 1 
1 


1 ' — . , = 
ap = (Sip DheldRan Sok (O/? de)” > (Sit Dherldea Fak (O]? ae)” = 


a ' 2 : 2 
Uo taleatotO det tiale a eokO) de) = 


(fi! SealR- sake)? ae)” (5) 


Published under an exclusive license by open access journals under Volume: 3 Issue: 12 in Dec-2023 
Copyright (c) 2023 Author (s). This is an open-access article distributed under the terms of Creative Commons 
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/ 


55 


a eee ee 
International Journal of Discoveries and 
IJDIAS 


Innovations in Applied Sciences 


| e-ISSN: 2792-3983 | www.openaccessjournals.eu | Volume: 3 Issue: 12 


But inequality (5) means that if a is taken instead of ——~ in equation (4), then (4) will have a 


An(tt) 
smaller value compared to €;,i = 1,...,n . This contradicts our assumption that A, (tt) This 
contradicts our assumption that A,,(t{) is the minimum value of expression (4). This contradiction 


1 
< 
An(t?) ~ An(tt) 


is caused by the hypothesis that we have accepted . So this assumption is wrong and 
1 1 
a 
An(t?) ~ An(tt) 
In addition, it is often possible to see the problem of / -moments in the case where the numbers 
Q4, .,An are a function of the value T , that is, ay = a,(T),...,Q,), = a,(T). Then it can be easily 
seen that A, is also a function of T, 2, =A,(T). But in this case A,,(T) the function cannot be 
said to have some mooton property. In this case, in the problem of finding the minimum value of 
T =T™, it is necessary to find the smallest real and non-negative value of T*that satisfies the 
inequality (1). 


is correct. 


Now we show that the typical problems related to the optimal control of the object expressed by 
ordinary differential equations can be brought to the problem of moments .. t(t) <t <t,) and 
the state of the controlled object at the moment X, = X,(t),...,X, =Xn(t) is given by the 
coordinates representing the points. Let the control effect on the moment of time t be expressed by 
the quantity u = u,(t),...,u, = u,(t). In that case, the movement of the object can be expressed 
by a system of n -order differential equations with variable: 

AO = A(t)X(t) + BOu(t) = C(t) (6) 


where X = X(t) = (qi(t)),C = (p= (C,(t)) n— order one-column matrix; u = u(t) = 


X(t) = 


(u;(t)) r — order one-column matrix; A= A(t) = (aij(t)) n Xn— square matrix; i,j = 
Lap B= Bo) = (biz (t)) n X r — dimensional rectangular matrix; (= 1,..7; k= 1.1. 
(6) the initial state of the system is given by a one-column matrix Xo = Xo(to) = (Xp;(t)). In 
addition, in system space (6) there is a point moving according to the law represented by a one- 
column matrixX* = X*(t) = (x; (t)). 


The problem of optimal management is as follows. It is necessary to find the function u(t) tp < 
t <t, so that the point X(t) moving by equation (6) moves from the initial state X9 to the limit 
state X(t) and the following two conditions are fulfilled: 


The problem of optimal management is as follows. It is necessary to find the function u(t) to < 
t <t, so that the point X(t) moving by equation (6) moves from the initial state X9 to the limit 
state X* and the following two conditions are fulfilled: 


(A) Let the norm lul of the controlled function u(t) in the space L,(to,t,) (where p = 1, fp and 
t, are given) reach the minimum value. 


(B) Ly(to,t,) the norm of the controlled function in the space is less than the value l > 0, 
llull <2 (7) 
let the control time be t; minimal when the condition is met. 


Now we will show how it is possible to write problems A and B in the form of moment problem. 
(6) compatible with the system 


X =A(t)X (8) 
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Let the fundamental matrix of the solution of the homogeneous system be @(t) = (9: ‘ (t)) 


Then it is known that the function X(t) satisfying the equation (6) can be written as follows when 
the initial condition X(t) = Xo is fulfilled: 


X(t) = O(t)X_ + (tt), VT) Co) dt + fh Y(t)B(t)u(t) dt, (9) 


Here @(t) = (¥; j () ,i,j = 1,..,n — (8) is the fundamental matrix of the solution of the joint 
system to the system: 


P(t) = A'(t)YO) (10) 
where the matrix A’(t) is the transposed matrix of the matrix A(t). 


The matrices ®@(t) and Y(t) have the following properties: 


w(t) = 6" *(0), (11) 
¥(—-t) = &(t), (12) 
&(0) = (0) =E (13) 


where the EF —matrix is ann X n — dimensional unit matrix. 
(9) we integrate using the boundary condition X*(t,) = X(t,): 
* t t 
X*(ty) = O(t)Xo + P(t) J, MOC dt + (4) J, POB@u(r)dt. (14) 
By multiplying both sides of this equation by Y(t) and using equality (11), the matrices @(t) 


and Y(t) are non-unique matrices for any t € [to, t;] from uncomplicated transformations then the 
following equality must be fulfilled for equality (14): 


fe G(r)u(t)dt = a(t,) (15) 
here 

a(t) = (tr)q"(ts) — f, P()C(x)dt— Xo, (16) 
G(t) = ¥@)B@) (17) 


In particular, when the excitation C(t) = 0 and the system representing the point are brought to the 
coordinate origin X*(t,) = 0 (15), the equation changes to the following form: 


(ie G(t)u(t)dt = — Xp (18) 


Thus, equality (15) or for a special case (18) equality (6) represents the sufficient and necessary 
conditions satisfying the function u(t) that ensures the transition of the system from the given 
initial state to the given limit state. On the other hand, these equations represent the problem of 


moments written in vector-matrix form; where G(t) = (x) this X¥(t),i = 1,2,..,n;k = 
1,2,...,7 has n X r elements is a dimensional matrix. 
According to theorem 2 in the previous section, problem A has the following form; 
! . 
u(t) =AnlEG(t)|? “*signéG(t),tp $<t< tp’ =1, (19) 
where € = (€,...,€,) isa vector and/,, is the solution of the following problem: 
Published under an exclusive license by open access journals under Volume: 3 Issue: 12 in Dec-2023 
Copyright (c) 2023 Author (s). This is an open-access article distributed under the terms of Creative Commons 


Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/ 


57 


International Journal of Discoveries and 
| J D | A S Innovations in Applied Sciences 


| e-ISSN: 2792-3983 | www.openaccessjournals.eu | Volume: 3 Issue: 12 


a(t,)§ =1 (20) 
when the condition is met 
1 
: t i] a i 1 
ming (f1EG(O)1”" ae)” = = (21) 
must be found. It should be noted here that €G(t) term 
Thi sigi (|, k= 1,2,...7 (22) 


is a vector with coordinates. The minimum norm of optimal control consists of ||u|] = Ap. 


To solve problem B, when condition (20) is fulfilled, it is necessary to find the minimum function 
of (21) A, = An(t,) -And then 


An(tt) Sl (23) 

the smallest real non-negative number t; satisfying the inequality is found . 
After that, the solution of problem B will be as follows: 

u(t) = l|EG(t)|?'“tsignéG(t), ty <t < ti, (24) 

where € is the solution for the case t = tj of (21) and (20). 
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